Abstract. The present work primarily investigated the rheological property of two-component EP/PU grouting materials by rotational rheometer. The store-stability of seriflux at different temperatures was studied through the correlation between strain and storage modulus. The relationship between shear stress and viscous modulus demonstrate that the viscosity of grouting materials can keep steady at 10-20ºC. The results showed that seriflux A1 and B1 share similar non-Newtonian index and good groutability at 30ºC.
Introduction
With rapid development of underground construction in recent years, an increasing amount of grouting materials with good performance have been widely used in metro construction, coal mining, tunnel engineering and many other fields. At present, the studies on grouting material generally focus on cement, epoxy resin (EP), polyurethane (PU), etc [1] [2] [3] . Cement grouting material was usually utilized for reinforcement in early time. Although reinforcing effect was achieved, there still exist weaknesses (e.g., poor adhesive property) [4, 5] . It was difficult to accurately regulate or control the set time. As a kind of polymer grouting material, epoxy resin is characterized with good permeability and mechanical property.
However, there is still a lack of research or experiment on its rheological behavior in actual grouting work. Svermova et al. [6] made a research about the rheology on cement grouting materials in detail, and their experimental results gave an effective instruction to the construction technology. Eriksson et al. [7] studied the various influencing factors on the penetrability of the cement grouting materials, and the conclusions they drew can be helpful to the controlling of effective penetrability. Thus, the research about the rheology of the grouting materials could be rather instructive to the grouting construction. It is meaningful to study the rheological properties of the polymer solution, since the addition of epoxy resin would lead to the improvement on the mechanical properties.
PU grouting material with good performance has been widely used in coal mine safety production in the past few years. In general, the major application can be divided into one-and two-component grouting materials. When fully mixed, the two-component PU grouting material will be solidified within a certain time. The volume ratio of one-component and two-component shall be set as 1:1 in experiments for easy comparison. When the volume ratio of two-component seriflux reaches 1:1 in the grouting process, the best solidification effect can be achieved [8] [9] [10] .
Since different environment temperatures would have an obvious effect on the viscosity of different seriflux, the research about rheological property is so significant; it shows the change of viscosity with different shear stress clearly, the builders can get important information from this experiment when they are working in the future [11] [12] [13] [14] .
The present work mainly deals with the two-component EP/PU grouting material. The newly generated A and B components solidify in a proper time after intensive mixing and achieve good mechanical performance. The research on relationships between modulus and strain will be helpful to extend the storage period of the two-component grouting materials before usage.
Experimental Materials
Polyaryl polymethylene isocyanate (PAPI) was purchased from Wanhua Polyurethanes Co., Ltd. Polyether polyols (KGF-400D and KGF-450) were both kindly provided by Haian (Jiangsu) Petrochemical Co. Ltd. Epoxy resin (E-44) was obtained from Nantong Stars Synthetic Material Co., Ltd., and tris(clorisopropyl) phosphate (TCPP) from Hebei Revitalization of Chemical Rubber Co., Ltd., as received.
Preparation of Two-component Grouting Materials
The two-component grouting material is composed of seriflux A and seriflux B. Different Seriflux are prepared according to the ratio in Table 1 , respectively. 
Rheological Property Measurement
The rheological properties of two-component mining polyurethane grouting materials were investigated with Rotation Rheometer, Bohlin CVO, Malvern Instrument Ltd.
Results and Discussion

Relationship between Shear Rate and Shear Stress
The relationships curves of shear rate and shear stress of these five kinds seriflux A1-A4 and B were determined by Rotation Rheometer. The measuring mode was set as Viscometry and the temperature was 10°C, 20°C, 30°C, 40°C.(as shown in Fig. 1 ). According to the power-low fluid equationτ=Kγ n , The relationship between lgγ and lgτ is fit for the linear relationship. The non-Newtonian index is obtained when taking the logarithm of the equation (Table 2) . According to the change of the n index of the four kinds of materials A, the n index of each kind grouting materials decreased with increasing temperature, and each component is close to the Newtonian fluid at 30°C. The grouting materials can keep a good flow property at this temperature. The same conclusions are suitable for B1.
Which kind of the liquid should be known clearly before grouting [15] [16] [17] . Unlike single component grouting materials, each of the two-component grouting materials must have the same property, and the suitable operating temperature is also very important. According to the present experiment, the influence on the fluid of different raw materials can be obtained and the researcher could have a better understanding of the influence of temperature. What's more, temperature is always different under the mine, more suitable component can be chosen with different temperatures according to Table 1 . 
Relationship between Elastic Modulus and Strain
The storage stability of the grouting materials can be obtained from the relationship between strain and elastic modulus (Fig. 2) . The larger strain of destroying the elastic modulus, the better storage stability of seriflux. The elastic modulus of the five group grouting materials is the largest at 10°C, and the destroyed strain level is longer, too. Though the elastic modulus is smaller at 20°C, compared to 10°C, the destroyed strain level of 20°C is longer than 10°C. Maybe it is a mixed system, the viscosity of each constituent is mainly indifferent at lower temperature, but with the increase of temperature, the difference in viscosity became clear. When the shear rate increased, this phenomenon has more significant influence on the storage stability of the grouting materials. In a word, we can get a stable grouting material when it stored at 10-20°C. It is of great importance to get the best suitable temperature to store the liquid materials. Both components are mixed with different raw materials, so the homogeneity of the component should be kept before grouting. It will bring troubles if the inhomogeneous grouting materials are used under mine. It is dangerous if the two components can't be fully mixed underground, since the mineral deposit will collapse without the reinforcement of the grouting materials.
Relationship between Viscous Modulus and Shear Stress
Set the shear stress testing range as 0-215 Pa, temperature are 10°C, 20°C, 30°C and 40°C. As shown in Fig. 3 , the viscous modulus decreases as the temperature increases. When the temperature is higher, the viscous modulus becomes lower at the same time. So during the construction, there is limited change of viscous modulus at low temperature. When the temperature becomes higher, the material can keep steady under low shear stress. There is a mutation between low shear stress and high shear stress, and viscous modulus will keep steady with increasing shear stress after the mutation. In short, the viscosity of grouting materials can keep steady at low temperature (e.g., 10-20°C).
This would help the researchers to know the relationship between shear stress and viscous modulus. From Fig. 3 , it is easier to find the viscous modulus's change with different shear stress, so different shear stress should be set according to the specific sample to ensure the steady of the viscous modulus. In this way, two components could have a similar viscous modulus at a same shear stress and the best property of the grouting materials can be achieved.
Few of the researchers have done the similar job on this experiment [18] [19] [20] , but it is a really important factor that should be considered in grouting. The experiment can make it clearer about the change of viscous modulus, and the better shear stress can be obtained through this way.
Conclusions
The non-Newtonian indices of different components are nearly 1 at 30°C. The flowing property can be regulated by temperature, and the two components can be mixed sufficiently at 30°C. According to the experimental results, each component should be stored at 10-20°C for better stability.
